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ABSTRACT
A CASE STUDY TO DETERMINE THE FEASIBILITY
OF ON-LINE INK JET PRINTING OF BAR CODES
ONTO CORRUGATED SHIPPING CONTAINERS
By
Richard Allen Lapinski
Bar codes are the predominant automatic identification
technology used for item tracking, inventory control,
sortation, order entry, shipping and receiving and many other
applications .
This study examined the print quality attributes of corrugated
shipping container bar codes, specifically Interleaved 2 -of-5
Symbology. The bar codes evaluated were printed by two
different methods: one (the control) using the flexographic
process; the other (the test) using the high-resolution ink
jet process. A group of 200 containers randomly selected from
a production sample of 3000 were scanned using a bar code
verifier to obtain scan and verification information for both
the flexographic printed and ink jet printed bar codes.
The verification and scanning test results showed that 200 of
200 of both the Flexographic and "Hi-Res" Ink jet printed bar
codes were numerically decoded and achieved an ANSI grade of
"D"
. This test demonstrates that the quality of high-
resolution ink jet printing makes it a feasible method of
printing bar codes onto corrugated shipping containers.
To meet the required industry standards and produce consistent
high quality bar codes, the successful implementation of an
on-line bar code ink jet printing system must consider the
following:
- The shipping container must have a nonporous surface to
inhibit the absorption of the glycol -based ink into the paper
surface .
- The black ink pigmentation must provide sufficient contrast
between the shipping container and the bar code.
- Movement of the shipping container past the print head must
be precise and controlled.
- The ink jet printed container must be on-line verified at
the time of on-line printing, in order to monitor each
shipping
containers' bar code quality.
- To ensure long term print quality, bar code verification
checks need to be performed at selected time intervals.
Implementation of an on-line bar code printing system can be
successfully undertaken based on comparison of flexographic
and ink jet printed bar codes print quality attributes.
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LIST OF DEFINITIONS
Alphanumeric A grouping of letters and numbers used to
identify or describe a product, package, process, function,
date of manufacture or any other pertinent data.
Aperture The effective opening in an optical system that
establishes the field of view.
Bar An element of a bar code symbol whose reflectance is less
than the global threshold.
Bar Code Reader A device used to identify and decode a bar
code symbol.
Bar Code Symbol An array of parallel rectangular bars and
spaces that are arranged in a predetermined pattern following
specific rules to represent elements of data that are referred
to as characters. A bar code symbol typically contains a
leading quiet zone, start character, and data characters which
include a check character, stop character, and a trailing
quiet zone (ANSI X3 .182-1990) .
Bar Height The bar dimension perpendicular to the element
width .
Bar Reflectance The smallest reflectance value (Rj,) in a bar.
Bearer Bar The wide bar that creates the border around the
bar code.
Casepacking The process of loading sealed cartons into
corrugated shipping containers through the use of automated
equipment .
x
Character The smallest group of elements assigned by a
symbology to uniquely represent one or more numbers, letters,
punctuation marks, or other information.
Check Character A character included within a bar code symbol
whose value is used for performing a mathematical check of
validity of the decoded symbol.
Decodability A measure of printing accuracy as would be
perceived by a bar code reader using the symbology reference
decode algorithm.
Drop-on-Demand Printing A method of ink jet printing which
uses an electronically controlled print head to form and
deposit droplets of ink onto the printing surface in the array
of alphanumeric characters.
Edge Contrast The difference between the space reflectance
(Rg) and the adjoining bar reflectance (Rb)
Element A generic term used to refer to either a single bar
or space in a bar code symbol.
Element Width The thickness or width of a bar or space as
measured from its leading to its trailing edge.
Flexographic Printing The method of rotary letterpress
printing which employs flexible polymer plates and rapid dry
inks.
Global Threshold The reflectance level that discriminates
bars from spaces in a scan reflectance profile. The global
threshold (GT) is established through the middle of a profile
at a constant reflectance value.
XI
Ink-Jet Printing An electronically controlled pressurized
printing system that deposits droplets of ink onto the
printing surface at very high rates of speed.
Inspection Band An area of the bar code symbol where
measurements shall be taken spanning from ten percent to
ninety percent of the average bar height.
Maximum Reflectance The largest reflectance value (R^) in
the scan reflectance profile.
Minimum Edge Contrast The smallest edge contrast (EC^J in a
scan reflectance profile.
Minimum Reflectance The smallest reflectance value (R^) in
a scan reflectance profile.
Modulation The ratio of minimum edge contrast (EC^) to
symbol contrast (SC) .
Nanometer A unit of measure (nm) used to define the
wavelength of light, equal to 10"9 meter.
Off-Line Printing The process of printing specific
information onto a shipping container at the corrugated
manufacturers facility. The printing is usually accomplished
through the use of the flexographic process.
Qn-Line Printing The process of printing specific information
onto a shipping container at the product manufacturing
facility. This typically occurs at the completion of
casepacking process as the shipping container is conveyed to
the unitizing operation.
XI1
Overall Profile Grade The lowest grade received by any of the
following parameters: edge determination, overall profile
reflectance grade, decode, and decodability-
Print Contrast Signal A comparison between the reflectance of
the bars and that of the spaces.
Quiet Zone The area immediately preceding the start character
and following the stop character in a bar code symbol as
specified in a particular application, or symbology, or both.
Reflectance A measure of the amount of light reflected from
an illuminated surface.
Resolution In a bar code system, the narrowest element
dimension which can be distinguished by a particular reading
device or printed with a particular device or method.
Scanner An electronic device to used acquire and convert
reflected light from the bars and spaces of a symbol into
electrical signals for processing by the decoder.
Scan Reflectance Profile A record of the reflectance measured
using the reference reflectivity method as a function of the
distance across the entire bar code symbol.
Shipping Containers Corrugated boxes of varied sizes
containing specific count quantities of packages.
Space The element of a bar code symbol whose reflectance is
greater than the global threshold.
Space Reflectance The largest reflectance value (RJ in a
space or quiet zone.
xm
Symbol A combination of bar code characters including
start/stop characters, quiet zones, data characters, and
check characters required by a particular symbology, which
forms a complete, scannable entry.
Symbol Contrast The difference between the largest and
smallest reflectances (SC) in a scan reflectance profile.
Symbology A set of rules for encoding information in a bar
code symbol.
Unitizing The process of collating full shipping containers
into tier levels, thus creating a full unit load of
containers. This is accomplished with the use of automated
equipment .
X Dimension The intended width of the narrow elements
dictated by the application, symbology specification, or both.
Z Dimension The achieved width of the narrow elements.
xiv
LIST OF ABBREVIATIONS
AIM is the abbreviation for the Automatic Identification
Manufacturers, Inc., a worldwide trade association for
manufacturers and providers of bar code products, services and
supplies .
AIS is the abbreviation for the Automatic Identification
Systems Company, developer and supplier of the "Scanalyst"
bar code verification and analysis computer software.
ANSI is the abbreviation for the American National Standards
Institute, Inc., a non-governmental organization responsible
for the development of voluntary industry standards.
EC is the abbreviation for Edge Contrast.
ERN is the abbreviation for Element Reflectance Nonuniformity.
GT is the abbreviation for Global Threshold.
JIT is an acronym for Just -in-Time delivery of packaging
materials to a manufacturing facility to minimize in-plant
storage before actual use on the packaging line.
JSC is the abbreviation for the Jefferson Smurfit Corporation,
a supplier of corrugated shipping containers to the Kellogg
Company.
LCP is the acronym for Large Character Print.
MOD is the abbreviation for Modulation.
N.I.S.T. is the abbreviation for the National Institute of
Standards and Technology.
xv
PCS is the abbreviation for Print Contrast Signal.
PSC is the abbreviation for the Photographic Sciences
Corporation, a manufacturer of bar code scanners and
verifiers .
R-max is the abbreviation for Reflectance Maximum.
R-min is the abbreviation for Reflectance Minimum.
SC is the abbreviation for Symbol Contrast.
SCS is the acronym for the Shipping Container Symbol. This
symbol used for the coding of shipping containers is an
adaptation of the UPC bar code.
UCC is the abbreviation for the Uniform Code Council, Inc.,
an organization which administers the UPC and other retail
standards .
UPC is the acronym for the Universal Product Code. UPC is
all -numeric coding system made up of ten data characters, one
system character and one check character.
USS is the acronym for the Uniform Symbology Specification
which has been developed and administered by AIM.
W/N is the abbreviation for wide-to-narrow ratio.
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1.0 INTRODUCTION
1.1 Problem Statement
This research project proposes to evaluate high-resolution
on-line ink jet bar code printing technology and equipment,
and determine the feasibility for implementing an on-line bar
code printing system for corrugated shipping containers
packaged within a Kellogg Company Convenience Foods
Manufacturing Facility.
1 . 2 Subproblems
The following subproblem determinations will be required:
Flexographic printed shipping container bar code quality,
specifically Interleaved 2 -of-5 symbology, scanability and
verifiability is in compliance with industry specifications,
ANSI X3. 182 -1990, Bar Code Print Quality - Guideline.
The capability of high-resolution on-line ink jet printing
equipment to apply consistent verifiable shipping container
bar codes, in particular Interleaved 2 -of-5 symbology, which
are in compliance with industry specifications, ANSI X3.182-
1990, Bar Code Print Quality - Guideline.
1 . 3 Hypothesis
On-line high-resolution ink jet bar code printing equipment
can produce a consistent rate of shipping container bar code
scanning and verifiability in compliance with industry
specifications, ANSI X3. 182 -1990, Bar Code Print Quality -
Guideline .
1 . 4 Delimitations
This research project will not attempt to develop any new
on-line bar code ink jet printing technology, but will
investigate, test and evaluate, and recommend the most
appropriate equipment for a potential manufacturing plant
implementation project.
1 . 5 Assumptions
The following assumptions will be made:
- Corrugated shipping containers will continue to be used for
the packaging and distribution of non-refrigerated convenience
foods products.
- On-line bar code printing of the shipping containers will
take place within the food manufacturing facility at the
completion of the casepacking process.
- The on-line ink jet printing equipment performs at a high
level of operational efficiency.
1.6 The importance of the Study
Convenience Foods, such as Kellogg 's "Pop Tarts" and "Nutri-
Grain Bars", currently use 4 different shipping container
sizes with 46 preprinted different flavor varieties. The
Muncy, Pennsylvania manufacturing facility, based on
production forecasts and scheduling, orders shipping
containers for each of the product flavors and case counts.
These containers are stored within the plant until production
use.
The Jefferson Smurfit Corporation (JSC) , Fulton, NY
manufacturing facility, produces these containers from order,
then ships to the Muncy, Pennsylvania manufacturing facility
in a just-in-time (JIT) format.
Due to frequent changes in production scheduling, the Muncy
manufacturing facility needs to have a substantial amount of
on-site shipping container inventory. A large portion of
their packaging materials storage area is occupied with
containers which may not be used immediately.
In certain instances, changes in production scheduling has
required the production of specific flavor products for which
shipping containers are not immediately available from within
the plant inventory. Containers are then rush ordered,
manufactured and delivered from JSC. These rush orders can
result in additional costs, shipping delays, and subsequent
production delays and possible cancellations.
The potential to implement on-line printing would allow for
the reduction from 46 fully preprinted shipping containers to
4 partially preprinted, on-line bar code printed containers.
This would reduce storage space, improve order response from
JSC, reduce shipping container costs, improve scheduling
flexibility and reduce shipping container unit load handling.
2.0 LITERATURE REVIEW
2.1 Historical Overview
Bar codes are the predominant automatic identification
technology used for item tracking, inventory control, quality
control, sortation, order entry, shipping and receiving and
many other applications. The use of the shipping container
bar code has proven to be an extremely effective
identification tool that provides accurate and timely support
of data requirements for sophisticated product distribution
management systems. The Automatic I. D. News has reported
that bar code usage has generally increased accuracy and
productivity, provided cost savings and improved business
operations (June 1994) .
There are many different types of bar code symbologies and
industry specifications in use today. Before a bar code
printing system is selected, issues must be addressed
regarding what type of bar code symbology is required for the
application, and what type of industry specifications must be
complied with in order to implement an effective, highly
reliable and cost effective system. And if the bar code
printing system cannot produce a consistently highly readable
code, all of the subsequent systems which use the bar code
will be affected (Osterhage, 1992) .
About 90% of all bar code printing on corrugated shipping
containers today are one or two-color flexography. The
flexographic process is technically a rotary letterpress. The
image is raised and made of a rubber or photopolymer material .
The plate is curved around a cylinder, with one sheet of board
printed with one rotation.
Flexography uses a water-based ink with high color
pigmentation. This type of ink transfers easily from the
printing plate to the linerboard, so minimum pressure is
required. The Fibre Box Handbook states that the ink soaks
quickly into the fibers, providing quick drying time
compatible with the rotary press speed (1992) .
The printing quality of the bar codes can be very much
affected by the applied roll pressure . If the roll pressure is
too great, the bar widths will be too wide and the spaces too
narrow, thus causing scanner misreads. If the roll pressure is
too low, the color intensity of the black ink will be
marginal, thus resulting in low print contrast values between
the bars and spaces.
Large Character Print (LCP) ink jet technology has advanced
considerably since its 1980 introduction in the United States.
Each printhead (which is connected to a canister of
pressurized ink) is operated by microprocessor-driven
software. Inside the printhead is a series of electromagnetic
solenoids which activate a group of plungers which in turn
each produce a droplet of ink expelled from their orifices.
The orifices are arranged vertically so that one cycle of the
solenoids creates one vertical column of dots. Characters and
symbols are formed by the solenoids opening and closing
selectively as the container travels pass the printhead.
The first LCP ink jet printed bar code was produced in 1981 by
a print head containing only seven valves, each firing one
droplet of ink in diameter. A vertical column was
formed by each valve firing one droplet of ink. The wide bars
were three columns of these seven dots. The individual dots by
nature had spaces between them, thus creating a poor print
resolution. Therefore these bar codes were difficult to decode
with a bar code scanner. The scanner had to employ an
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elliptical lens, which literally connected the dots in order
to improve code resolution.
Responding to industry needs, the UCC developed a bar code
symbol specification for shipping containers called the UPC
Shipping Container Code. Ink jet manufacturers now had to
develop a printhead that would print bar codes which could
meet these specifications. Many criteria were considered
during the development of the next generation systems,
beginning with the type of inks to be used and the substrates
to which they were to be applied. Inks consisting primarily
of water and dye were developed for the porous surfaces of
corrugated containers. Other ingredients have been added to
the ink to enhance printing capabilities on various grades of
corrugated to improve the print resolution and light
reflectance specifications to ensure verifiable codes.
The next generation print head developed, the "Symbol Jet",
utilized these new inks along with a new head mounting system
which was vital to it's capability to print improved bar
codes. The printhead was mounted on a spring- loaded pivoting
swing arm which allowed the printhead to float along the side
of the container during the printing process. This maintained
a constant distance from the nozzle to the substrate, thus
ensuring a more consistent bar code quality, evidenced by a
99.9 % good decode rate (Osterhage, 1992) .
To further improve bar code print quality, the newest
generation of print heads were introduced during 1994. These
high-resolution heads could print an infinite array of
information onto corrugated containers using glycol -based inks
and piezo-electric crystal array print heads. The ink is
propelled from an array of either 96 or 192 orifices to
produce a very dense high resolution print. These heads,
combined with new glycol -based inks, and sophisticated
6
software, have advanced the print quality of bar codes to the
point where many consumer goods manufacturers have begun
implementing systems to on-line print bar codes onto
corrugated shipping containers.
As the development of print heads has advanced, so has the
verification and scanning equipment required to ensure that
the print quality of the bar codes are within UCC and ANSI
standards and the codes are decodable within the distribution
system. The development of the ANSI Grading System employing
the use of mathematical algorithms has provided a consistent
format for the output of the various types of scanners.
Kellogg Company manufacturing facilities are using LCP on-line
alphanumeric ink jet printing systems to print production date
code information onto shipping containers just after the
containers are loaded and sealed by automated casepackers.
These systems, supplied from a variety of different equipment
manufacturers, have performed satisfactorily.
2.2 Technical Information
A symbology is a language in bar code technology. In the bar
code field, a symbology is a language used to print and read
messages. When a symbology is used to print a message, that
message is called a bar code label. Information in a bar code
label is read through the eyes of a scanner, but the scanner
and the label have to communicate through the same symbology
rules or the message will not be understood (Collins, 1994) .
The smallest element in a bar code is called the "X"
dimension. This is the narrowest bar or space in the "picket-
fence-like"array which carries the message. A character is
made up of bars and spaces, some of which will be a single "X"
in width, and others, two, three, or four "Xs" wide.
Typically, the larger the "X" dimension, the more forgiving
the bar code when it is read by a scanner. A larger
"X"
requires a larger label area. Most labels use an "X" of 10 to
20 mils, representing a trade-off among a number of
considerations in bar code technology, including printer
resolution (Collins, 1994) .
In order to read (decode) a bar code label consistently, a
scanner must make a series of sensitive measurements of the
contrast between a black (dark) bar and a white (light)
background space between each bar. Bar codes are most
frequently printed as black bars on white paper, although
corrugated shipping containers typically are black bars on
varying shades of brown paper. It is important to achieve the
greatest color contrast between the bars and the spaces to
assure the highest rate of bar code decodability.
2.2.1 Introduction to Interleaved 2 -of-5 Bar Code Symbology
The shipping container bar code is a pattern of vertical bars
and spaces of varying widths that represent digits, letters or
punctuation symbols to identify the container and regulate its
movement through the shipping distribution system. The bar
code format most frequently used on shipping containers in the
United States is the Interleaved 2-of-5, also called 1-2/5. It
is a bar code symbology with a numeric character set and
different start and stop patterns. 1-2/5 symbols always
contain an even number of digits. In this symbol, two
characters are paired together using bars to represent the
first character and spaces to represent the second. Each
character pair is referred to as a symbol character. Each
character of the pair comprising a symbol character is
referred to as a data character or digit. The characteristics
of Interleaved 2 -of-5 are summarized in Figure 1 (AIM, USS
12/5, April 1993) .
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Encodable Data Character Set All 10 Digits
CodeType Continuous
Elements per Symbol Character (2 digits) 10
(5 bars, 5 spaces)
Modules per SymbolCharacter 14-18
(dependmg on wide-to^uurow ratio)
RepresentativeData CharacterDensity 11.11 CPI
(based on X= 0.010 inch (0254mm), N = 3:1)
Non-DataOverhead Equivalent to 1 Data Digit
CharactecSelWhecking Yes
Symbol Length Fixed,Multiple
SymbolCheckDiot One, optional
MrectionalyDecodable Yes
NOTE: Each symbol character encodes two digits;
therefore, each interleaved 2-of-5 symbol
musthave an even number of digits.
Figure 1: Characteristics of Interleaved 2 -of -5
2.2.2 Symbol Structure
A complete Interleaved 2 -of-5 symbol consists of a leading
quiet zone, a start pattern, symbol characters representing
data, a stop pattern, and a trailing quiet zone. Figure 2
illustrates a complete symbol encoding the data "0123" in
Interleaved 2 -of-5 (AIM, USS 12/5, April 1993) .
OlIIFT ZONF
START PATTERN
l
1
i
nATA (01)
1
nATA (931
STOP PATTERN
OlIIFT 7DNF
V V V \
Figure 2: Encoding "0123" in Interleaved 2-of-5
For the data character set 0 through 9, each data character
has two wide elements and three narrow elements. The five
data character elements are represented by bars for the more
significant (left-hand) digit of the pair and spaces for the
less significant (right-hand) digit. The data character code
is derived from a pseudo binary code decimal format in which
any decimal digit is represented by five binary positions,
four weighted bits plus a parity bit, in which only two of
the five bits are one in value referenced in Figure 3 : Data
Character Encodation (AIM, USS 12/5, April 1993) .
Data
Character Position Weights
1 2 4 7 P
0 = 0 0 1 1 0
1 = 1 0 0 0 1
2 = 0 1 0 0 1
3 = 1 1 0 0 0
4 = 0 0 1 0 1
5 = 1 0 1 0 0
6 = 0 1 1 0 0
7 = 0 0 0 1 1
8 = 1 0 0 1 0
9 = 0 1 0 1 0
Figure 3 : Data Character Encodation
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A translation of binary ones and zeros to respective wide and
narrow bar code elements results in two of five elements being
wide, hence the name of the symbology. The four-element start
pattern and three-element stop pattern permit bidirectional
scanning of the symbol (AIM, USS 12/5, April 1993) .
2.2.3 Symbol Character Encodation
Each symbol is formed from a series of one or more data
character pairs. Each pair is coded into a series of five
bars and five spaces with the bars representing the code for
the more significant digit of the pair while the spaces
represent the code for the less significant digit. Each
element (bar or space) is one of two widths, referred to as
"wide" and "narrow" . The narrow element width is referred to
as the "X" dimension. The ratio of the wide to the narrow
element widths is referred to as "N" . The values of X and N
remain constant throughout the symbol.
The element pattern for a digit is derived from the position
weight codes listed in Figure 3. Reading from left to right,
the five element positions are weighted according to a 1, 2,
4, 7 plus a parity bit. Each digit, except for zero, is
encoded either by two l's in the positions with weights that
total the digit value and a 1 in the parity bit. Zero is
encoded as 7 + 4 . the associated bar code element widths are
narrow for zeros (0) and wide for ones (1) in Figure 3.
Figure 4 defines all of the Interleaved 2 -of-5 data character
pair assignments (AIM, USS 12/5, April 1993) .
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Digit
Pair Encodation Pattern bsbsbsbsbs
00
01
02
03
04
05
06
07
08
09
10
1 1
12
1 3
1 4
1 5
1 6
1 7
1 8
1 9
20
21
22
23
24
25
26
27
28
29
30
3 1
32
33
34
35
36
37
38
39
40
4 1
42
43
44
45
46
47
48
49
50
5 1
52
53
SB B BB B B
0000111100
0100101001
0001101001
0101101000
0000111001
0100111000
0001111000
0000101101
0100101100
0001101100
1000010110
1100000011
1001000011
1101000010
1000010011
1100010010
1001010010
1000000111
1100000110
1001000110
0010010110
0110000011
0011000011
0111000010
0010010011
0110010010
0011010010
0010000111
0110000110
0011000110
1010010100
1110000001
1011000001
1111000000
1010010001
1110010000
1011010000
1010000101
1110000100
1011000100
0000110110
0100100011
0001100011
0101100010
0000110011
0100110010
0001110010
0000100111
0100100110
0001100110
1000110100
1100100001
1001100001
1101100000
Digit
Pair Encodation Pattern bsbsbsbsbs
1000110001
55 Bi IB B B ! 1100110000
1001110000
57 |BI B Bi B B ! 1000100101
5e Bi B 1 B i 1100100100
59 | B B Bi B B > 1001100100
0010110100
61 | 1 BB Bi B B
'
0110100001
62 | 1 Bi Bi B B 0011100001
63 | 1 Bi Bi B B 0111100000
64 | 1 Bi Bi B B 0010110001
65 | 1 BB Bi B B 0110110000
0011110000
0010100101
68 | 1 Bi Bi B B 0110100100
69 | 1 Bi BB B B 0011100100
70 | 1 B B Bi Bi 0000011110
71 | 1 B B Bi Bi 0100001011
0001001011
0101001010
74 |IBB BI BI 0000011011
75 | B B BI BI 0100011010
0001011010
7? 1 0000001111
78 | ^B H 0100001110
79 | 1 B BI BI 0001001110
80 | B B Bi B 1000011100
81 | B B Bi B 1100001001
1001001001
83 | 1101001000
84 | Bi I I Bi B 1000011001
85 | B B Bi B 1100011000
86 | 1001011000
87 | B B Bi B 1000001101
86 | 1100001100
89 | B B Bi B 1001001100
90 | 1 Bi B Bi B 0010011100
91 | 1 Bi B BB B 1 0110001001
92 | 1 BI BI ' 0011001001
93 | 1 0111001000
94 | 1 BI BI 1 0010011001
95 | 1 Bi BB B | 0110011000
96 j 1 0011011000
97 | 1 Bi B Bi B 1 0010001101
98 | 1 Bi B Bi B j 0110001100
99 | I Bi B Bi B 1 0011001100
bsbs
Start Pattern | | | 0000
Stop Pattern
bsb
100
Note: Dashed line
Note: In columns
Indicates leading edge of adjacent digit pair or stop pattern.
headed V and 's' 1 is used to represent a wide element and 0 is used to represent a narrow element.
Figure 4: Interleaved 2 -of -5 Symbol Character Set
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2.2.4 Start and Stop Patterns
Special start and stop patterns are necessary to identify the
leading and trailing ends of the bar code symbol. The start
pattern consists of four narrow elements beginning with a bar.
The stop pattern is a wide bar followed by two narrow
elements. The start pattern is positioned at the leading end
of the encoded data character pairs. The stop pattern is
positioned at the trailing end of the encoded data character
pairs. Figure 5 illustrates the start and stop patterns and
the relationship to the encoded data character pairs (AIM, USS
12/5, April 1993) .
START STOP
DATA CHARACTER PAIRS
&iV&$SS?5$K8Sfc?m&$.
Figure 5: Interleaved 2 -of-5 Start and Stop Patterns
2.2.5 Quiet Zones
Quiet zones are spaces preceding the start pattern and
following the stop pattern. Each quiet zone should be at
least 10X wide. Figure 2 illustrates a complete bar code
symbol showing the necessary quiet zones.
2.2.6 Symbol Length
The physical length of an Interleaved 2 -of -5 symbol, including
quiet zones is calculated with the formula shown in Figure 6
(AIM, USS 12/5, April 1993) .
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L = ((4N+6)(C/2)+N+6)X+2Q
where
L = Symbol length
C = Number of data characters
X = Narrow element width
N =IS. Wide-to-narrow element ratioWidth of the quiet zone > 1 0X
Figure 6 : Symbol Length Calculation Formula
2.2.7 Symbol Height
For most applications, the minimum bar height of Interleaved
2-of-5 symbols should be 0.2 inch (5mm) or 15 percent of the
symbol length, whichever is greater.
2.2.8 Bearer Bar
The bearer bar serves two purposes; it reduces the probability
of a misread when a skewed scanning beam enters and/or leaves
the symbol through the top or bottom edge, and provides
printing plate support at critical areas when printing
directly onto corrugated shipping containers with conventional
"wet ink" printing processes. The bar code symbol when
printed directly onto corrugated shipping containers should
have a bearer bar nominal width of 0.19 inches and must
completely surround the symbol as shown in Figure 8 , Bar Code
Symbol Representation (Uniform Code Council, UPC SCC & Symbol
Specification Manual, Sept 1990) .
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2.2.9 Check Digit
A check digit, or check character, is not required for
Interleaved 2 -of-5, however the use of a check digit
significantly enhances data security. It is recommended that
the added check digit be calculated as a weighted modulo 10
complement check digit based on alternating 3, 1, 3, ....3
weighting of the data digits. An odd number of data
characters are required before adding the check digit.
Therefore, a zero must be appended to the beginning of an
even number of data characters before calculating the check
digit. An example of the calculation of the check digit 8 is
shown in Figure 7 (AIM, USS 12/5, April 1993) .
Data Digits 4 3 8 2 7
Weights 3 13 13
Weighted Sum =
(3x7) + (1x2) + (3x8) + (1x3) + (3x4) = 62
62/10= 6 with a remainder of 2
10-2 = 8
Therefore, the check digit is 8.
Message including check digit is: 438 2 78
Figure 7: Check Digit Calculation
2.2.10 Printed Code
The actual printed code as applied to a corrugated shipping
container consists of fourteen digits: the first identifies
the packaging indicator; the next two identify the size and
quantity of products within the container; the next five
represent the manufacturers identification number; the
following five represent the product number; the last is a
15
calculated check digit to confirm all the previous numbers.
Reference Figure 8, Bar Code Symbol Representation (Uniform
Code Council, UPC SCC & Symbol Specification Manual, Sept
1990) .
SHIPPING CONTAINER CODE FORMAT
FIXED CONTENT PRODUCTS
PI 1
M1-M5
l-t Is
= Packaging Indicator
= Number System Characters
= Manufacturer Identification Number
= Item Number
= Check Digit
Clear Area
Figure 1
Bar Code Symbol Representations
Bearer Bar
Start^ Q
Indicator
Packaging Number
Indicator System
Characters
Clear Area
top
Indicator
r Bar
Manufacturer
UPC I.D.
Number
Item
Number
Check
Digit
(Human Readable Characters in OCR-B Font)
Figure 8: Bar Code Symbol Representation, Shipping
Container Code Format - Fixed Content Products
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2.2.11 Symbol Quality
The document, ANSI X3. 182-1990, "Bar Code Print Quality -
Guideline, " presents a standardized method for measuring and
grading bar code symbols. The Interleaved 2 -of-5 bar code
symbols examined in this study were evaluated accordingly -
This standard defines the optical characteristics and
parameters to be measured, the methodology for their
measurement, and a grading system to evaluate their
performance in final use.
The reference measurement methodology contained within this
standard is designed to maximize the consistency of both
reflectivity and bar space width measurements of bar code
symbols on various substrates. This methodology has been
correlated to deal with the many varied conditions encountered
in bar code scanning hardware. Visual measurement results do
not necessarily correlate with bar code scanning systems, and
therefore, should not be used without establishing a
quantifiable correlation with the reference measurement
methodology for each combination of imaging method and
substrate (ANSI X3 .182-1990) .
Visual methods are often used as a rough check of print
quality and dimensions. However, the position of an edge as
seen visually and as measured with a bar code scanning
aperture differs . This difference remains relatively constant
regardless of the X dimension and, therefore, is
proportionately larger for smaller X dimensions. Visual
inspection does not provide a quantitative measurement of
other symbol characteristics such as spots, voids, effects
caused by edge roughness, and bar and space reflectance
variation. Visual inspection, in general, cannot guarantee
that the symbol will pass a given grade level for a particular
measuring aperture (ANSI X3. 182-1990) .
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Therefore, this study employed the use of a sophisticated bar
code verifier which through the use of an LED wand and decode
algorithms performed the required ANSI bar code print quality
attribute analysis.
Bar code symbol requirements are based on the analysis of the
scan reflectance profile. Multiple scans over the bar codes
were made with a 20 mil aperture diameter t.fd wand with a
nominal wavelength of 660 nanometers. The scanning took place
within the specified inspection band as per Figure 9 (American
National Standards Institute, ANSI X3. 182-1990, Bar Code Print
Quality - Guideline, 1990) .
I- 90% of Average Bar
Height above Average Bar
Bottom Edge
QUIET ZONES
c
o
' -a
o c
(8
Q. CQ
CO
X
o
rr
<
CD
/ \
10% of Average
Bar Height above Average Bar Bottom Edge
*!_SCANNING
LINES
Average Bar
Bottom Edge
Figure 9: Bar Code Inspection Band
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The scan reflectance profile represents the signal from the
bar code scanning and verification device. This profile is a
graphical representation of the scanned bar code as referenced
in Figure 10 (American National Standards Institute, ANSI
X3. 182-1990, Bar Code Print Quality - Guideline, 1990) .
lea
se
ee
~ 70
u SB
o
50
u
u
u!40
u
or
30
20
10
0
"WOT
EDGE 1
OUIET
.ZONE
SPACES
Rutax
OUIET
ZONE
ECffltn
("d" 4) ERN..K
(DEFECT)
(elamnt 7) BARS
UUi^ JJ Rntn
GLOBAL f
THRESHOLD
LINE
LINEAR POSITION
Figure 10: Scan Reflectance Profile with Features Detailed
The vertical axis represents the percent reflectance and the
horizontal axis linear position. The high-reflectance areas
on the left and right are the quiet zones. The high-
reflectance areas are spaces and low-reflectance areas are
bars.
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2.2.12 ANSI Grading System
The ANSI symbol grading is based on 7 key bar code symbol
print quality attributes; Edge Determination, Minimum
Reflectance, Symbol Contrast, Minimum Edge Contrast,
Modulation, Decodability and Defects. The symbol grade is
the simple average of the scan profile grades from a specific
bar code using standard weighting: 4.0= A, 3.0 = B, 2.0 = C,
1.0 = D, 0.0 = F. The symbol grade may be stated as a decimal
or converted to a letter grade. The symbol grade has meaning
only when the measuring aperture number and nominal wavelength
are also specified. Grade levels are directly related to the
degree of difficulty (or number of passes) required by a wand
scanner to read a bar code. Reference Figure 11 (American
National Standards Institute, ANSI X3. 182-1990, Bar Code Print
Quality - Guideline, 1990) .
3.5 < A < 4.0
2.5 < B < 3.5
1.5 < C < 2.5
0.5 < D < 1.5
F < 0.5
Figure 11: Conversion of Symbol Average to Symbol Grade
The format for denoting the symbol grade is:
"Symbol Grade" followed by a slash ("/") followed by the
"Measuring Aperture Number" followed by a slash ("/") followed
by the Nominal Wavelength in Nanometers" (ANSI X3. 182 -1990) .
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A symbol grading flow chart, Figure 12, is used to illustrate
the process in which the bar code scanner software calculates
a grade for each of the attributes and determines the overall
symbol grade (American National Standards Institute, ANSI
X3. 182-1990, Bar Code Print Quality - Guideline, 1990) .
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EDGE DETERMINATION (4.2.1.1.1)
SYMBOL CONTRAST (4.2.1.1.2)
EDGE CONTRAST (3.16)
DECOOABILITY (4.2.1.1.6)
DEFECTS (4.2.1.1.4)
DECODE (4.2.1.1.5)
CONVERSION OF
SCAN GRADE TO
NUMERIC SUDE
A 4
B - 3
C = 2
0 - 1
F 0
NUMERIC GRADES
FROM OT>ER
9 SCANS
NUMERIC
AVERAGE OF
10 SCANS
CONVERSION OF SYMBOL AVERAGE
TO SYMBOL GRADE
3.S < A < H.O
2.S < B < 3.5
l.S < - C < 2.S
.5 < = 0 < 1.5
F < .5
(symbol wade)
Figure 12: Symbol Grading Flow Chart
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The following seven print quality attributes are required for
the grading process. As per Figure 12, edge determination is
the first and most critical print attribute . If this receives
an F grade, then the overall code fails. If edge determination
receives a passing grade, then the grading process continues
to evaluate the remaining six attributes.
1) Edge Determination - An element edge is located where the
profile intersects the midpoint between Rs and Rb of the
adjoining elements.
Rg = space reflectance; this is the largest reflectance value
in a space or quiet zone.
Rj., = bar reflectance; this is the smallest reflectance value
in a bar.
If the profile is nonconforming due to edge determination,
then the profile receives the grade of "F" . Otherwise the
grade is "A" .
2) Symbol Contrast (SC) - Is the difference between the
largest (Rrnax) anc^ smallest (R^n) reflectances in a scan
reflectance profile.
SC- = ^max " ^min
Grading Scale
A > = 70%
B > = 55%
C > = 40%
D < = 20%
F < 20%
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3) Edge Contrast (EC) - The difference between the space
reflectance (Rg) and the adjoining bar reflectance (Rb) .
EC = Rs - Rb
Grading Scale
A > = 15%
F < 15%
4) Minimum Reflectance (Rrriin) - The smallest reflectance
value in a scan profile.
Grading Scale
A < = .5 X R max
F > = .5 X R max
5) Modulation (MOD) - Is the ratio of minimum edge contrast
(EC^^) to symbol contrast (SC) . Edge contrast is the
difference between the R sub S and R sub b of adjoining
elements including quiet zones. The smallest value of edge
contrast found in the scan reflectance profile is the minimum
edge contrast.
MOD = ECmin/SC
Grading Scale
A > = .70
B > = .60
C > = .50
D > = .40
F < .40
6) Decodability - Is the measure of the bar code symbol
printing accuracy in relation to the appropriate reference
decode algorithm. Bar code scanners can generally be expected
to perform better on symbols with higher levels of
decodability than those with lower decodability.
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Grading Scale
> = .62 = A
> = .50 = B
> = .37 = C
> = .25 = D
< .25 = F
7) Defects - Are irregularities found within elements and
quiet zones. Defect measurement is expressed as the ratio of
the maximum element reflectance nonuniformity to symbol
contrast. Element reflectance nonuniformity within an
individual element or quiet zone is the difference between the
reflectance of the highest peak and the reflectance of the
lowest valley. When an element consists of a single peak or
valley, its reflectance nonuniformity is zero.
Defects = ERNj^^/SC
Grading Scale
A < = .15
B < = .20
C < = .25
D < = .30
F > = .30
Upon the completion of grading of each attribute, the lowest
of the six grades becomes the scan grade which is then
converted into a numerical grade.
2.2.13 Grade Level Significance
Bar code symbols can provide good performance with differing
symbol grades because of the following; 1) vertical
redundancy, 2) tolerances built into the decoding algorithms,
3) the ability of the scanning operators to rescan if the
first read is unsuccessful, 4) the availability of scanning
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devices that provide for multiple, unique scan paths across
the code.
The different symbol grades indicate different levels of print
quality. An application specification identifies the minimum
grade level that will be accepted along with the measuring
aperture and nominal wavelength.
Symbols with a grade of A are the best quality and generally
perform the best with a scanner (fixed beam or moving beam)
crossing the symbol once.
Symbols with a grade of B may not perform as well as those
with a grade of A and may need to rescanned multiple times.
Symbols with a grade of C may require more scans than those of
a B grade. A multiple pass scanner (rastering beam) must be
used to obtain the best performance.
Symbols with a grade of D are best decoded by bar code
scanners (rastering or sweep raster beam) that provide for
multiple scan paths across the code.
In summary, bar codes with grades ranging from A to D can all
be decoded by scanner providing that the appropriate type of
scanner is used for the corresponding grade of bar code (ANSI
X3. 182-1990) . Four types of fixed mount scanners are shown in
Figure 13 .
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FIXED BEAM
MOVING BEAM
mm RASTERING BEAM
SWEEP RASTER BEAM
Figure 13: Fixed Mount Scanners
2.2.14 Print Quality Factors
Shipping container substrates with a high degree of porosity
could affect the print quality of a bar code symbol by causing
the printed image to spread outside the required bar and space
dimensional limits or by causing uneven absorption or specular
reflection of the scanning beam.
Smoothness is a description of the textural characteristics of
a substrate. Very smooth surfaces tend to be difficult to
print on with some of the different printing methods, due to
image transfer and stability problems . Very coarse substrates
tend to produce irregularities in the printed bars that may
cause reading problems in certain applications. The proper
degree of smoothness should be determined by evaluating the
bar code symbol in its final configuration form (ANSI X3.182-
1990) .
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3.0 PROCEDURE
3.1 Technology and Equipment
3.1.1 Bar Code Verification
Verification and scanning are teammates in validating the
quality of bar code (verification) and later reading and
decoding (scanning) a bar code. Before scanning comes
verification and, in its own right validation. The bar code
industry embraces the verification process as an additional
step in analyzing the data accuracy of a bar code. Acting as
a final safety net for catching intricate errors in a bar code
due to printing inaccuracies before the bar code meets the
scanner, a verifier identifies problems in a bar code's
dimensions, color, positions of leading and trailing
characters and overall quality (Ranoia, 1994) .
The verification process evaluates the overall accuracy of the
bar code and assures that a properly designed and printed bar
code adheres to the ANSI and UCC standards for shipping
containers . Verification detects a poorly printed or improper
bar code on the wrong products shipping container. Scanning
decodes the bar code and does not check for the ANSI print
quality attributes.
For corrugated shipping container converters who print the bar
codes via the flexographic process, controlling print quality
is paramount. Off-line or recently introduced on-line
verifiers must be employed via a statistical process control
program to ensure that all bar codes meet the ANSI standards.
Consumer goods manufacturers who print the bar codes on
line via the use of ink jet printing systems, again must
employ off-line or on-line verifiers to check each shipping
28
container bar code and reject those that fail or do not meet
the minimum ANSI standards.
3.1.2 Bar Code Scanner\Verifier
A full-featured bar code scanner was purchased from PSC to be
used during the execution of all the testing. The "Quick-
Check" 650 is a measuring device used to scan and analyze bars
codes with both ANSI X3. 182-1990 Bar Code Print Quality
Grading and traditional print quality attributes. This unit
is manufactured and traceable to the N.I.S.T. standards
developed by the UCC and AIM. Calibration of the unit is
operator-performed via a N.I.S.T. traceable reflectance
calibration standard attached to the unit. Reference Figure
14, "Quick-Check" Model 600/650 Verifier Specifications (PSC
Inc., 1994) .
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Specifications:
Input Connector
Primary I/O Connector
Recharging / I/O Port:
Keypad:
Display:
Audible Signal:
Case:
Temperature Range:
Humidity-.
Sealabiity:
Regulatory Approvals:
LED Indicators.
Batteries:
9-pin 'squeeze to release' male.
6-pin modular, RS232 serial format
Power lack, battery recharging via the existing PSC charger and Serial communications
6-button, power, stiect, 4 arrows
4 x 20 characters/line supertwist LCD display
Volume/tone adjustable beeper (includes off volume position)
Lexan Polycarbonate
Storage: 1 4*-158*F (-20*C to 70*C)
Operational: 32*-122*F (0"C to 50*C)
5% R.H. to 95% R.H. non-condensing
Designed to meet NEMA 1
FCC - Class A limits
Five tri-colored LEDs
Four, double 'A' Niead batteries
Symboiogies Verified:
industry Standards:
Programming Variations:
Verification Methods:
Data Buffer
Code 39 (1 to 49 characters)
Interleaved 2 of 5 (2 to 78 characters)
UPC and EAN (-A. -E. -8 and -13)
Codabar (1 to 61 digits)
Code 128 (1 to 70 characters)
MSI Code (1 to SO digits)
Code 1GK (Individual rows)
Code 49 (individual rows, full symbol 49 alpha, 81 numeric)
Code S3 (1 to 80 characters)
Code 11 (1 to 80 digits)
UCC/EAN ITF (QC610, QC620, QC650)
UCC/EAN128 (QC610, QC620, QC650)
BOOHAND (QC610, QC650)
SISAC (QC610, QC6S0)
HBCC (QC620, QC650)
CCBBA (QC620. QC6S0)
LOGMARS (QC630, QC6S0)
AIAG (QC630, QC650)
ABCD (QC630, QC6S0)
Variable extended accuracy (number of scans)
Variable ANSI symbol grade averaging (number of scans)
Parameters determined by the ANSI print quality standard and traditional pass/fail criteria.
32Kbytes. The on-board memory can store data, store verified results and scan profiles.
Order Codes:
QC6X0 a bb
Verifier Order Numbers: X is either 0 tor Svmbotoavs only. 1 for Retail/Book , 2 for Health Industry, 3 for Government/
Industry and 5 for AU Industry applications: a is either V for visible red (660nm) or I for Infrared
(880nm) bb is either OS (S mils or 0.005*), 06 (6 mils or 0.006*), 10 (10 mils or 0.010*) or 20
(20 mils or 0.02O*)
Pnbnmtry SpcHic*Hons Subjact to Chang* Without Notice
Figure 14: PSC
"Quick-Check" Model 600/650 Specifications
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The unit evaluates the acquired data and provides output
information through a liquid crystal display, light emitting
diodes, audible tones and, when connected to a PSC printer,
hard copy printouts and ANSI Scan Profiles . Hard copy (paper)
printouts were used with the following:
Basic Bar Code Analysis
a) Type of Symbology verified - Interleaved 2-of-5
b) Numerical code - actual human readable numbers
c) Message Length - number of digits
d) Check Character - Pass or Fail
e) Quiet Zones - Right & Left - Pass or Fail
Traditional Print Quality Analysis
a) Traditional Test - Pass or Fail
b) Format Test - Pass or Fail
c) PCS - print contrast signal - % - Pass or Fail
d) Average Bar Error - +\-.00X - Pass or Fail
e) Wide-to-narrow ratio - 0.0 - Pass or Fail
f) Bar Growth - In or Out of Tolerance
g) Symbol Total - 00OX
h) Light Reflectance - % - Pass or Fail
i) Dark Reflectance - % - Pass or Fail
ANSI Standards Analysis
a) Reflectance Minimum/Maximum - % & Grade
b) Symbol Contrast - % & Grade
c) Edge Contrast Minimum - % & Grade
d) Decodability - XX & Grade
e) Defects - % & Grade
f ) Modulation - XX & Grade
g) Scan Profile Grade - number & Grade, Pass or Fail
Reference Figure 15, "Quick-Check" Model 600/650 Bar Code
Analysis Printout (PSC Inc., 1994).
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***Quick-Check 600***
660 nm, 06 mil Scanner
Interleaved 2/5
123456
- Extended Accuracy! -
Avg Bar Err = .05X OK!
Wide/Nar Ratio = 2.5 OK!
Decodability = 53% <B>
Symbol Total = 055 "X"
Prnt Contr Sig = 92% OK!
Reflect(Light) = 86% OK!
Reflect(Dark) = 05% OK!
Symbol Contrst = 81%<A>
R(min)/R(max) = 06% <A>
Modulation = 91% <A>
EdgeContr(min) = 73%<A>
"Defects"
= 05% <A>
Message Length = 06 OK!
No Check Character
Bar Growth IN TOL
"P C S" OK
Traditional Tests -PASS-
Format Tests -PASS-
ANSI Parameters <B>
Add'l P/F Checks <P>
Format Checks <P>
Profile QualityGrade <B>
Passing Level: ANSI <C>
==> ScanProfile PASSES
Symbol Grade
I Avg. 4.0 => A/06/660 J
After 002 of 010 Scans
Name:
Date:
Figure 15: PSC "Quick-Check" Model 600/650
Bar Code Analysis Printout
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3.1.2.1 Basic Bar Code Analysis
The PSC "Quick-Check" 650 analyzes the following basic
numerical and print quality attributes:
Type of Symbology verified - Interleaved 2 -of-5
The scan verifies that the code is Interleaved 2 -of-5, the bar
code symbology currently being used on Kellogg Company
shipping containers.
Numerical Code
The scan decodes the bar code and presents the actual human
readable numbers, which in this test read as 0003800031102 (4) .
Message Length
The scan calculates the length of the encoded message in the
number of characters present less any start and stop
characters. In this test the length was 13 digits + 1 check
character .
Check Character
The output reflects either check character result.
- CkChr Checks if it passes
- CkChr Fails if it fails.
Quiet Zones
Quiet zones are areas at the beginning and end of the bar
code symbol that allow the optical equipment to differentiate
a bar code from other printed material.
- Bad Left Quiet Zone, indicated by SML LH-QZ
- Bad Right Quiet Zone, indicated by SML RH-QZ
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3.1.2.2 Traditional Print Quality Analysis
The PSC "Quick-Check" 650 analyzes the following Traditional
print quality attributes:
Traditional Test
Verifies that the Interleaved 2 -of-5 bar code does pass the
traditional print quality test requirements.
Format Test
Verifies that the bar codes passes all the attributes of the
message length, check character, and symbol type test.
Message Length:
- Compared against the I 2/5 symbology specifications
- OK if it meets the specification
- Fail if it does not meet the specification
Check Character:
- Compared against the I 2/5 symbology specifications
- ChkChr OK P if it meets the specification
- ChkChr BAD Fails if it does not meet the specification
- No ChkChr if one did not set the unit to test check
characters
Print Contrast
Print Contrast Signal (P.C.S.)
Pass if PCS >or= 75%
Rmax >or= 25%
Rmin <or= 30%
Fail if above is not satisfied
1) During the scan the Quick-Check obtains the maximum light
reflectance from spaces, (Rmax) and minimum dark reflectance
from bars, (Rmin) .
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2) The print contrast signal, "P.C.S." , is a traditional
measure of print contrast.
3) PCS=((Rmax - Rmin)xl00%)/Rmax.
4) Traditional pass/fail criteria are PCS>or=75% with R^ax
>or= 25% and Rmin<or=30%.
5) The traditional parameters are rated pass if the PCS, Rmax
and Rm^n meet these criteria. If the value does not meet the
criteria, the REF parameters are rated H or L (high or low) .
Average Bar Error
Compared against traditional print tolerance criteria set by
the 12/5 symbology.
- Pass if within criteria
- H or L (high or low) if outside criteria
The average bar print error (AvB) value is the amount of
average bar growth or loss in the measured symbol relative to
its "X" dimension.
1) This value is compared against the traditional print
tolerance criteria and rated.
2) If the average bar print error is within these limits, it
is rates P (pass) .
3) If it is outside these limits, it is rated H or L (high or
low) .
Wide/Narrow Ratio
Compared against generic limits for the I 2/5 symbology:
- Pass if within limits
- H or L (high or low) if outside limits
- Total symbol width (in the dimension of"X")
35
1) The wide-to-narrow ratio (W/N) is used in two elements with
I 2/5 symbologies. When measured, the W/N value is compared
against generic limits appropriate for the symbology.
2) If the W/N Ratio is within these limits, it is rated Pass
3) If the W/N Ratio is outside these limits, it is rated H or
L.
4) The total indicates the total symbol with expressed in "X"
dimensions. Formally the bar code symbol's width includes
the quiet zones, however the value presented here is a
calculated count of the number of "X" dimensions from the
starting bar through the ending bar of the scanned symbol.
Symbol Total
The total dimensional parameter of the symbol is expressed in
"X" dimension terms. Formally a bar code's total width
includes the quiet zones. The value presented as total is a
calculated count of the number of "X" dimensions from the
starting bar through the ending bar of the scanned symbol . To
calculate "X" , manually measure the symbol
' s actual length
from the left edge of the first bar to the right edge of the
last bar. Enter the symbol length into the appropriate
display input for the unit to then calculate "X" .
"X"
= 0.0000 in
Av Bar = + or - 0.0000 in
Reflectance Parameter measurements
Maximum Reflectance (Rmax)
Pass if >or=25%
L (low) if not >or=25%
Minimum Reflectance (Rrrdn)
Pass if <or=30%
H (high) if not <or=30%
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3.1.2.3 ANSI Standards Analysis
The PSC "Quick-Check" 650 analyzes the following ANSI print
quality attributes:
Reflectance Minimum/Maximum
The scan obtains the maximum light reflectance from the
spaces, Rrnax, and minimum dark reflectance from the bars,
Rrnin- The ratio of Rmin/^max must be less than 50% to pass
this test. Reference Figure 9.
Symbol Contrast
This is a graded measure of the difference between the highest
reflectance value, Rrrax' an<^ tne iwest reflectance value,
Rmin, obtained during the scan. SC=Rmax-Rmj_n
rated A if > = 70%
rated B if > = 55%
rated C if > = 40%
rated D if > = 20%
rated F if < 20%
Edge Contrast Minimum
This is the smallest edge contrast or "edge transition" in a
scan reflectance profile. The edge contrast is the difference
between the reflectance of an adjacent bar and space and the
EC minimum is the minimum value of the edge contrast obtained
during the scan. The criteria that the edge contrast must be
> = 15% must be met. Reference Figure 9.
The ECmin is rated A if > = 15% or F < 15%
Decodability
Decodability is the percentage of the symbology 's safe
decoding margin available for the scanner after printing
errors. Lower margin values and corresponding grades
indicate an increased susceptibility to decoding failure due
to scanning errors. Scanning variations such as acceleration
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cause bar or space deviations due to uneven, too fast or too
slow scanning and provide lower margin values.
ANSI Decodability is a graded measure of how close a given
scan comes to a reference decode failure due to variations in
bar and/or space widths.
Decodability is rated A if > = .62
B if > = .50
C if > = .37
D if > = .25
F if < .25
Defects
Defects is the graded measure of the maximum element
reflectance nonuniformity (noise within any element due to
spots, voids, etc.) normalized to symbol contrast. High
readings caused by print defects found in the symbol, or
adjacent to the quiet zone, or at the transition of the
label ' s edge when a label which may have a marginal or
inadequate quiet zone is laid on top of another material.
Reference Figure 10.
Defects are rated A if < = .15
B if < = .20
C if < = .25
D if < = .30
F if > .30
Modulation
Modulation is the ratio of the edge contrast minimum value
divided by the symbol contrast (ECL^/SO .
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Modulation is rated A if > = .70
B if > = .60
C if > = .50
D if > = .40
F if < .40
Scan Profile Grade
The scan reflectance profile is a graphic representation of a
bar code's print quality under ANSI specification based on
collected reflectance values. It is created by scanning the
entire width of a bar code using this verifier. The data is
then analyzed using a decode algorithm and presented
graphically, with the highest reflectance values being the
spaces and the lowest being the bars. The profile contains
each of these parameters; Rmin' SC' ECmin' MD> Defects,
Decodability and Edge determination, which are the criteria
for determining the bar code's ANSI scan profile grade. The
lowest of the resultant grades of each of these parameters
will be assigned as an overall scan profile grade of A, B, C,
D or F.
Conversion of Scan Profile Grade to Numeric Grade
A = 4
B = 3
C = 2
D = 1
F = 0
Figure 16 is the graphical representation of the ANSI test
results for the bar code symbol 0003800031102(4) being
analyzed in this study (AIS 1993) .
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SCANALYST - Bar Code Symbol Analysis
INTERLEAVED 2/5 Symbol contains 0003800031 102(4)
Scan Profile Kello99 " Proc&Pack Tech - RAL 04-1 7-1 995
Too
75
"U^rWTkvwiry~tfMy~^u^wiryrryMrM~y"
ANSI TEST RESULTS
MIN REFLECTANCE SYMBOL CONTRAST EDGE CONTRAST MODULATION DECODABILITY
A 21% D 34% A 16% D 48% C 42%
Scan Profile
DEFECTS
C 23% D
PSC 650 WAND 660nm, 20 milWand
Symbol Grade
Reflective
Global Threshold PASS
Print Contrast Signal...78% PASS
Space Reflectance = 42%
Bar Reflectance = 8%
Reference Decode PASS
Traditional
Message Format PASS
Check Character OK
Message Length 13 OK
Traditional Grade PASS
Dimensional
# of Elements 79
Total # ofX Bars 116
Ave Bar Variance -.05X <25% Shrinkage/
Wide/Narrow Ratio 2.4 PASS
# of Data Points 1780
Left Quiet Zone PASS
Right Quiet Zone PASS
Notes:
ANSI Passing
"A"
3 scans, forward only
Pop-Tarts - Cinnamon
US Shipping Container
Brown paper, Ave. Reflectance = 38%
Black Ink, Ave. Reflectance = 8%
Marsh Hi-Res on-line printed, 70% horizontal, 62% vertical scale
Symbol measures = 3.500"
"X" Dimension = 0.0302"
AvgBar = -0.001 5"
Figure 16: Bar Code Symbol Analysis - Scan Profile
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3.1.3 Hi-Res Ink Jet Printing Equipment
Bar code applications are very sensitive to the ability of the
various printing methods to present these symbols in high
contrast, well -dimensioned bars and spaces.
The flexographic method of printing transfers the ink from a
master plate, which holds a positive or negative
representation of the image, to the paper or other media to be
printed on. Once a bar code master image is created, usually
by photographic means, the printing of repeated copies is fast
and very inexpensive.
The newest technology for ink jet printing of bar codes is the
use of piezo-electric crystal print heads. These heads consist
of an array of acoustically-excited nozzles, piezo-electric
transducers, that produce fine jets of ink (usually by
hydraulic pressure) under computer control. These transducers
are like pistons that push out slightly when an electrical
impulse is applied. The impulse creates small regular
vibrations at the nozzle orifice so that a jet, which
normally breaks into droplets at random intervals, breaks
instead at regular intervals into uniform droplets. To
control the breakup process, the imposed vibrations have an
amplitude significantly larger than the perturbations that
naturally occur, and have a wavelength between one and two
times the jet's circumference. By forming drops in the
presence of an electrostatic field, they become charged and
can be deflected to a printing surface in a dot matrix format
(Compressed Air Magazine, March 1995) .
The head assemblies consist of either a 8 x 12 crystal array
equaling 96 orifices, or a double head assembly providing 192
orifices . This increased density allows for the deposition of
the ink in a much higher resolution than the older valve-jet
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heads. Figure 17 is a schematic representation of the print
head configuration and explanation of droplet formation (ITT,
Imaging Technologies Inc., 1993)
Printheads fire up to
one million 8 mil ink
droplets per second.
from a 32x96 matrix
of jets, to create
verifiable bar codes.
high-resolution
graphics and crystal-
clear alphanumerics.
Figure 17: High-resolution Print Head Schematic
The "Marsh" Hi -Res Ink Jet Stand Alone Printing System
consists of: 1) a 386-DX computer, 2) a standard 101 enhanced
type keyboard, 3) a VGA color display monitor, 4) WYSIWYG
graphics software, 5) internal time, date, shift, expiration
date, hour code, production count counters, 6) low
temperature, high voltage, low ink and out of ink diagnostics
and alarm signals, and 7) RS-232 and RS-422 interfaces.
Reference Table E-l for complete specification information.
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3.2 Sample Containers
Corrugated Shipping Containers:
Type: Regular Slotted Container, Outside Glue Joint
Construction: "C" Flute
Board Weight: 63 ECT - 65/26/65 (Liner,Medium,Liner)
Outer paper surface coating: "NOSLIP 299"
Chemical Name: Colloidal Silica
Printing: Black Ink, Specification: Reitech Corporation
ReiflexWater-Based Ink
Dimensions: L=16-5/l6", W=7-l/8", D=6-3/l6", inside
Manufactured by: Jefferson Smurfit Corporation,
Fulton, New York Manufacturing Facility
Print Card: Reference Figure 18
Printing Plates: Photopolymer
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Figure 18: Shipping Container Print Card
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3.3 Research Methodology
The following research was conducted to develop the bar code
printing methodologies comparison test and evaluation, and to
develop implementation project recommendations. The
flexographic printed bar codes were the control and the on
line ink jet printed car codes, the test.
Two bar code ink jet printing methods were investigated: drop-
on-demand valve-jet dot matrices print heads, and high-
resolution piezo-electric crystal print heads. Each
application method, equipment design, operation of hardware
and software, application case histories, operational cost
and reliability, and future developments were evaluated. It
was determined that the "Hi-Res"printing system available
from the Marsh Company offers the state-of-the-art in ink jet
printing technology. The drop-on-demand value-jet print head
technology, "SymbolJet" is being phased out.
The standard bar code scanning function will only indicate if
the bar code numerical information can be decoded.
Verification is a more critical analysis of the printed
quality of the bar code, thus the following ANSI print quality
data is required to quantify and qualify each bar code.
a) Scanning Wand Specification: 660nm, 20 mil Scanner
b) Actual numerical bar code: 003800031102(4)
c) Average Bar Error: = .00X OK, Hi, Lo
d) Wide/Narrow Bar Ratio: 0.0 OK, Hi, Lo
e) Decodability: XX%, Grade - A,B,C,D,F
f) Symbol Total Width: XXX "X"
g) Print Contrast Signal: = XXX% OK, Hi, Lo
h) Reflectance - Light: = XXX% OK, Hi, Lo
i) Reflectance - Dark: = XXX% OK, Hi, Lo
j) Symbol Contrast: = XXX%, Grade - A,B,C,D,F
45
k1
m
n
o
P
q
r
s
t
u
v
w
X
y
z
R (min) /R (max) : = XXX%, Grade - A,B,C,D,F
Modulation: = XXX%, Grade - A,B,C,D,F
Edge Contrast (min) : = XXX%, Grade - A,B,C,D,F
Defects: XXX%, Grade - A,B,C,D,F
Message Length = XX OK
Check Character Passes, No Check Character
Bar Growth: IN TOL, OUT +, OUT -
"P C S" OK,
Traditional Tests - PASS, FAIL
Format Test - PASS, FAIL
ANSI Parameters: Grade - A,B,C,D,F
Additional P/F Checks: PASS, FAIL
Format Checks: PASS, FAIL
Profile Quality Grade: A,B,C,D,F
Scan Profile: PASS, FAIL
Symbol Grade: Ave X.X => A,B,C,D,F/20mil/660nm
After XXX of XXX Scans
Consistency of the verification rates of shipping container
codes printed on corrugated board was investigated.
Preliminary tests were conducted with a PSC "Quick-Check"
Model 650 hand held verifier to compare the verification rate
of bar codes flexographic printed at the time of shipping
container manufacture at JSC to the bar codes ink jet printed
on-line within the food manufacturing facility. The results
of these successful tests showed that in-plant, on-line
testing was required to further investigate and obtain a
larger sample size data base.
3.3.1 Test Plan Development
The basis for this test was to compare the print quality
attributes of corrugated shipping containers bar codes printed
by two different methods: printed during the container
manufacturing process using the flexographic process (the
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control) , and printed on-line at the completion of the
casepacking operation using the hi-resolution ink jet process
(the test) .
The on-line in-plant test plan was developed with the
following considerations and procedures to obtain the most
relevant and accurate data for analysis, review, conclusions
and recommendations.
The test was conducted at the Kellogg Company Muncy,
PennsylvaniaManufacturing Facility which produces "Pop-Tarts"
and "Nutri-Grain"Bars. The production facility provided the
most challenging environment as compared to a carefully
controlled lab environment . The test was conducted on Tuesday
March 28, 1995 at the Muncy Plant.
The corrugated shipping containers evaluated were taken from
the regular production stock as supplied by The Jefferson
Smurfit Corporation, Fulton, New York manufacturing facility.
These containers are the standard Kellogg material
specification for "Pop-Tarts" with all alphanumeric and bar
code symbols flexographically printed with water-based black
ink.
Packaging Line #3, which packages "Pop-Tarts," was the
specific line where this testing was conducted. This packaging
line operates at the plant's highest line thruput rates, 28
cases per minute. This thruput rate provides the fastest
linear on-line printing speeds.
The packaging line was operated by the regular operations crew
with no specific operational changes made for this test.
The manufacturer of the on-line bar code printing equipment,
the Marsh Company, Belleville, Illinois, provided
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commercially-available high-resolution bar code application
equipment. Technical personnel from the Marsh Company
participated during this test to insure that the printing
equipment was properly set-up and producing the highest
quality bar codes.
The manufacturer of the shipping containers also provided a
technical person to participate during the test set-up,
execution and data acquisition.
The Kellogg Company Muncy Plant provided a technical person
to participate during the test set-up, execution and data
acquisition.
The shipping containers which were evaluated became saleable
units which were shipped to our customers. A small quantity
of containers were retained for evidence of data and future
analysis and review.
A "PSC" brand Model Number Quick-Check 650 bar code verifier
was employed to scan both flexographic printed and on-line ink
jet printed shipping container bar codes. This verifier
acquires data using the ScanProfile Methodology specified in
ANSI's "Bar Code Print Quality Guideline", (ANS X3. 182-1990) .
3.3.2 Data and Treatment of Data
The print quality attribute data are numerical values which
were calculated via mathematical algorithms within the PSC
"Quick-Check" Model 650 Verifier. The values for the 7 ANSI
attributes ranged from 0 to 75 and for the Traditional values
from -0.11 to 123.00. Reference Table C-l, Scanning Data.
The data base sample size (number of bar codes scans) for
testing the difference between the two printing methods was
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based on a Normal Distribution, with Type I Error (alpha) =
0.05 and Type II Error (Beta) = 0.1, with a standard
deviation =2.5 and delta (difference) =0.5.
The calculation resulted in minimum sample size of 197
samples, thus 200 corrugated shipping containers, each with
a flexographic and ink jet bar code printed on it were used in
sample.
The print quality attribute data from each method was
statistically analyzed comparing the range of print quality
data within each of the 6 critical ANSI attributes; Minimum
Reflectance, Symbol Contrast, Edge Contrast, Modulation,
Decodability and Defects, and 3 Traditional attributes;
Average Bar Error, Wide/Narrow Ratio, and Symbol Total Length.
Also the comparison of each of these ANSI and Traditional
attributes between the two methods. The results of the
analysis determined if each printing method satisfies the ANSI
Bar Code Print Quality Guidelines and whether the on-line ink
jet printing method is less than, equal to, or better than
the flexographic printing method.
3.3.3 Admissibility of Data
Test data was not considered admissible if the data was
collected when the following conditions occurred:
- A misaligned shipping container passed by the print head.
This misalignment resulted in poor quality print resolution.
All containers must pass by the print head at specific
distance and alignment tolerances as specified by the
equipment manufacturer.
- Improper scanning with the "Quick-Check 350" scanning wand.
The wand was held @ the 60 degree included angle as it was
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moved across the bar code. Any deviation caused the LED to
improperly read the difference between the reflection and
absorption of its projected signal.
3.4 Test Methods
3.4.1 Detailed Procedure
3.4.1.1 Corrugated Shipping Containers
Five unit loads of 3750 containers, of 6 ct carton "Pop-Tarts"
corrugated shipping containers were delivered from the
packaging materials storage area to the Packaging Line #3
casepackers, specifically casepacker A.
The shipping container manufacturing specification data was
recorded, noting the paper type, grade and strength, flute
configuration, surface treatment, location and date of
manufacture .
3.4.1.2 Equipment Set-up and Calibration
The PSC "Quick-Check" 650 verifier was recalibrated as per the
manufacturers recommendations before the test began.
Calibration was achieved by wand scanning ten times the
reflectance patch which is attached to the bottom of the unit .
The PSC "Quick-Check" 650 verifier was connected to the PSC
high speed printer as shown in Figure 19. Five flexographic
and five ink jet printed bar codes were scanned to verify the
set-up and the proper output settings of the verifier and the
printer .
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Figure 19: Verifier and Printer Set-up
A Marsh "Hi-Res"bar code ink jet printing system was set-up
on Packaging Line #3, adjacent to the existing Marsh
Alphanumeric code production date coding ink jet equipment.
This location was preferred as the environmental and lighting
conditions were consistent. Photos of the actual on-line
printing equipment set-up are shown in Figures 20 and 21.
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Figure 20: On-Line Printing Equipment Set -Up
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Figure 21: On-Line Printing Equipment Set -Up
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3.4.1.3 On-line Printing
One bar code magnification size was on-line printed and
evaluated. The standard high resolution print head printed a
.700 horizontal X .625 vertical magnification bar code with
human readable text just beneath the code. Reference Figure
22, Symbol Dimensions Magnification - .700 X .625 (Uniform
Code Council, UPC SCC & Symbol Specification Manual, Sept
1990) .
.28
3.37 REF.
03 Narrow Bar
and SpaceWidth
.13
tMin
.03
"0 00 12345 67890 5
.13
.16
4.20
Figure 22 I 2 -of-5 Symbol Dimensions,
Magnification .700 X .625
Bar codes were printed onto each corrugated shipping container
as it was discharged from the automatic casepacker onto a
slider-pan fixed-speed belt conveyor.
The bar code was printed in a no-print area just above the
flexographic printed bar code. This permitted a visual
comparison and well as ease of scanning. Reference Figure 16,
Shipping Container Print Card.
Codes from the first 10 cases were scanned. The verifier scan
profile results were reviewed to insure that the printing
system was set-up and operating properly. The printed bar
codes were within the UCC standards.
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Cases were printed for the 4 hour duration of the printing
portion of the test. Marsh technical personnel monitored the
printing operation to insure the best possible bar code
quality. Scan data was reviewed every 15 minutes to confirm
the printing system was in control.
Cases were randomly picked off of the conveyor and stacked
onto pallets. Three pallets of cases (approximately 250 cases)
were accumulated.
3.4.1.4 Off-line Scanning
Both the flexographic and ink jet printed bar codes from each
corrugated shipping container which had been placed off-line
onto the pallets, were scanned.
The 3 pass scanning per bar code was limited to the inspection
band as per Figure 8, ANSI X3. 182-1990.
This data, collected and analyzed by the verifier, was then
transmitted to a hardwire connected PSC high-speed portable
printer .
3.4.2 Collection of Data
Test data was collected to determine the feasibility and
potential success of the implementation of on-line printing of
shipping containers . The data consisted of shipping container
bar code verifiability information calculated from a PSC
"Quick-Check" Model #650 bar code verifier and transmitted to
a PSC printer. The strip paper output, Figure 23, had the
appropriate data listed in the following format.
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*** Quick-Check 658
666 nm> 20 mil Scanner
Interleaved 2/5
9083800031102(4)
- Extended Accuracy! -
Avg Bar Err = +. 13X OK!
Uide/Nar Ratio = 2.5 OK!
Decodability = 61'/. <B>
Symbol Total = 120 "X"
Prnt Contr Sis = 96* OK!
Reflect(Light) = 41* OK!
Reflect<Dark> = 01*
Symbol Contrst = 40*
R<min)/R<max> = 03*
Modulation = 73*
OK!
<C>
<A>
<A>
EdgeContKmin) = 29* <A>
"Defects" = 18* <A>
Message Length =13 OK!
Check Charctr Passes OK!
Bar Growth IN TOL
P C Sa OK
Traditional Tests -PASS-
Format Tests -PASS-
ANSI Parameters <C>
Add'l P/F Checks <P>
Format Checks <P>
Profile QualitsSrade <C>
Passing Level: ANSI <D>
=> ScanProfile PASSES
* Final Symbol Grade *
* Avg. 2.0 => C/20/660 *
?After 003 of 803 Scans*
*"V LASttKM
**"
3fjf/TC @
Figure 23: PSC Printer - Data Output
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This print-out information was identified with the date and
time, numbered and cataloged for later transcription input
into data charts. Reference Figures 24, 25, 26, 27 for
examples of the 4 input data tables used for the flexographic
printed and ink jet printed samples.
Data Charts will have the following headings:
Fixed Variables
a) Traditional Test Pass? Y or N
Continuous Variables
a) Average Bar Error function of X
b) Wide/Narrow Ratio X.X
c) Symbol Total function of X
d) Minimum Reflectance %, Grade
e) Symbol Contrast %, Grade
f) Edge Contrast %, Grade
g) Modulation %, Grade
h) Decodability %, Grade
i) Defects %, Grade
j) Symbol Grade X.X, Grade
57
Bar Code Print: Flexo Preprint
Symbol measures:
"X" Dimension =
AvgBar =
Scanned by:
Date:
Brown Paper, Avg Reflect =
Black Ink, Avg Reflect =
Code Scale: Horiz=70% Vert=70%
3 scans, forward only
660nm 20 mil LED wand
Pop Tarts - JSC Fulton, NY
ANSI Standard Grading Data from PSC 650 Quick Check Verifier
Sample Avg Bar Error Wide/Narrow
Ratio
Symbol Total Traditional Test [
Pass or Fail? |
i
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
3ralfile\caseprtg\scandata.wpd 4/4/95 page of_
Figure 24: Scan Data Input Table - Flexo, Traditional
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Bar Code Print: Flexo Preprint Brown Paper, Avg Reflect =_
Symbol measures:
"X" Dimension =
AvgBar =
Scanned by:
Date:
Black Ink, Avg Reflect
Code Scale: Horiz=70% Vert=70%
3 scans, forward only
660nm 20 mil LED wand
Pop Tarts - JSC Fulton, NY
ANSI Standard Grading Data from PSC 650 Quick Check Verifier
Sample Minimum
Reflect
Symbol
Contrast
Edge
Contrast
Modulation Decodability Defects Symbol
Grade
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
^alfileVcaseprtgXscandata.wpd 4/4/95 page of
Figure 25: Scan Data Input Table - Flexo, ANSI
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Bar Code Print:Hi-Res Ink Jet
Symbol measures:
"X" Dimension =
AvgBar =
Scanned by:
Date:
Brown Paper, Avg Reflect =
Black Ink, Avg Reflect =
Code Scale: Horiz=70% Vert=62%
3 scans, forward only
660nm 20 mil LED wand
Pop Tarts - JSC Fulton, NY
ANSI Standard Grading Data from PSC 650 Quick Check Verifier
Sample Avg Bar Error Wide/Narrow
Ratio
Symbol Total Traditional Test
Pass or Fail?
i
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
4
^ralfileXcaseprtgXscandata.wpd 4/4/95 page of
Figure 26: Scan Data Input Table - Ink Jet, Traditional
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Bar Code Print: Hi-Res Ink Jet
Symbol measures:
"X" Dimension =
AvgBar =
Scanned by:
Date:
Brown Paper, Avg Reflect =
Black Ink, Avg Reflect =
Code Scale: Horiz=70% Vert=62%
3 scans, forward only
660nm 20 mil LED wand
Pop Tarts - JSC Fulton, NY
ANSI Standard Grading Data from PSC 650 Quick Check Verifier
Sample Minimum
Reflect
Symbol
Contrast
Edge
Contrast
Modulation Decodability Defects Symbol
Grade
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
2ralfile\caseprtg\scandata.wpd 4/4/95 page of
Figure 27: Scan Data Input Table - Ink Jet, ANSI
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A VAX main frame computer SAS program performed the analysis
with the data output presented in the following format as
shown in Figure 28, Statistical Analysis Results.
Print Type-FlexoPreprint
MEAN MIN MAX
.00|
STD
Minimum Reflect 200 4.29 1.00 7.00
39.19J
25.84|
36. 00 J
+-
21.001
1.23
Symbol Contrast
Edge Contrast
200.00 41.00 1.03
1.57200.00
200. 00j
200. 00 |
66.891
56.94 |
56.00J
22.00J
30.00
75.00Modulation
Decodability
3.S2
6.00
200.00|
200. 00J
10. 97 |
1.10 1
67.00
21.00Defects
Symbol Grade
4.00 1
o.oof
2.23
0.41
200. 00j
200.00|
200. OOJ
0.1l|
2. 46 [
+-
118. 38 |
0.08 |
2. 40J
116.00|
2.00
0.15Average Bar Error
WideNarrow Ratio
Symbol Total
0.02
0.05
1.20
2.60
123.00
Print Type-Hi_Res_Ink_Jet
MBAN |
18.691
MIN MAX STD
Minimum Reflect 200.00 16.00 24.00
33.33|
+-
14. 97 |
31.00)
n.oot
39.00J
19.0o|
1.14
Symbol Contrast
Edge Contrast
200. 00 |
200. 00 |
0.97
1.52
200. 00j
200.001
46. 36J
38.63J
35.0o|
14 . 00j
57 . 00 j
59.00|
Modulation
Decodability
4.47
7.57
200.00]
200. 00J
16. 62 j
0.75J
9.00]
0.00J
3B.00J
1.50|
Defects
Symbol Grade
4.36
0.40
200. 00 1
+ -
200. 00 |
200. 00 j
-0.1l[
2. 30 1
113. 00j
0.05J
2. 40j
117. 00 |
Average Bar Error
Wide_Narrow Ratio
Symbol Total
-o.02|
2 .32 |
+.
114.821
0.04
0.04
0.87
Figure 28: Statistical Analysis Output Format
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4.0 DATA
4 . 1 Results
The 200 shipping container sample size of bar code scans
taken, compiled the incidence of pass/fail bar code reads,
traditional print quality attributes, and the ANSI print
quality attributes. The resultant data as shown in Figures 29
and 30, was analyzed using the t-test (Satterwaite/Cochran)
method of standard error for the 10 continuous variables; the
6 ANSI print quality attributes, 1 ANSI final symbol grade,
and 3 Traditional print quality results.
Type Variable Mean Std Prob
a-Flexo Reflectance min 4.285 1.230 0.0001
b-Irik Jet Reflectance min 18.G90 1.136 0.0000
a-Flexo Symbol Contrast 39.190 1.029 0.0001
b-Ink Jet Symbol Contrast 33.325 0.972 0.0000
a-Flexo Edge Contrast 25.835 1.565 0.0001
b-Ink Jet Edge Contrast 14.970 1.523 0.0000
a-Flexo Modulation 66.890 3.517 0.0001
b-Ink Jet Modulation 46.360 4.473 0.0000
a-Flexo Decodability 56.940 6.003 0.0001
b-Ink Jet Decodability 38.630 7.568 0.0000
a-Flexo Defects 10.970 2.230 0.0001
b-Ink Jet Defects 16.615 4.361 0.0000
a-Flexo Symbol Grade 1.0980 0.4120 0.0001
b-Ink Jet Symbol Grade 0.7485 0.4003 0.0000
Figure 29: t-test Results - ANSI Standards
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Type Variable Mean Std Prob
a-Flexo Ave Bar Error 0.1149 0.0011 0.0001
b-Ink Jet Ave Bar Error -0.0169 0.0025 0.0000
a-Flexo Wide/Narrow Ratio 2.4635 0.5030 0.0001
b-Ink Jet Wide/Narrow Ratio 2.3235 0.0425 0.0000
a-Flexo Symbol Total 118.380 1.2011 0.0001
b-Ink Jet Symbol Total 114.820 0.8725 0.0000
Figure 30: t-test Results - Traditional Standards
With these test results, it was shown that an observed and
measured difference between the two methods of bar code
printing application and their difference of print quality
attributes scanning verifiability did exist. Each of the
Probability results are < . 05 which indicates that each of the
individual ANSI and Traditional print quality attributes mean
and standard deviation are statistically different at a 95%
confidence level. The small standard deviations of each of
the printing methods print quality attributes data indicates
high repeatability. The P value was chosen based on a
rejection rate of 5% or less, therefore the data does
indicate that the two printing methods are different at P <
.05. The test results indicate that the flexographic print
quality is better than the ink jet. This, however, was
overridden with the overall ANSI print quality grades being
the same for both printing methods . The Flexographic resulted
in a 1.098 and Ink Jet in a .7485, both of which are within
the D grade range of .5 to 1.5.
The slight difference in numerical grade averages was
attributed to the reflectance of the two different types of
inks used. Flexography uses a water based ink, whereas the
"Hi-Res" uses an glycol -based ink. There was a statistical
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difference between the edge contrast, modulation and
decodability ANSI attributes. This can be attributed to the
difference between the printing methods examined.
Flexographic produces a higher print resolution bar code,
while high-resolution ink jet produces a lower print
resolution bar code.
4 . 2 Discussion
Bar code systems can provide good decodability with differing
symbol grades because of vertical redundancy, tolerances built
into the decoding algorithms, the ability of the operator to
rescan the bar code if the first scan was unsuccessful, and
the availability of scanning devices that provide for
multiple, unique scan paths across the bar code.
The Flexographic printed bar codes were 100% decodeable from
all the shipping containers scanned at the completion of the
automatic casepacking operation. Four out of 200 cases did
not pass the Traditional Print Quality Test (2 . 0% defect
rate) . These cases failed due to under dimensional
specification right and left hand quiet zones. The 200 cases
averaged an ANSI scan profile grade of "D" . A summary of all
the Traditional and ANSI print quality attributes can be
referenced to Table B-l: Bar Code Print Analysis, Flexo
Printed - Statistical Analysis.
The on-line Ink Jet printed bar codes were 100% decodable from
all the cases scanned at the completion of the automatic
casepacking operation. Again four out of 200 cases did not
pass the Traditional Print Quality Test (2.0% defect rate) .
These cases failed due to under-dimensional specification
right and left hand quiet zones. The 200 cases averaged a
ANSI scan profile grade of "D" . A summary of all the
Traditional and ANSI print quality attributes can be
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referenced to Table B-2: Bar Code Print Analysis, Ink Jet
Printed - Statistical Analysis.
Both methods of printing were 100% numerically decoded at the
completion of the automatic casepacking operation with the
verifier. This is a key indicator of the ability for on-line
bar code scanners to be able to successfully decode both the
flexographic and on-line ink jet printed bar codes. The
overall average ANSI Scan Profile Grades for both the printing
methods were equal at a "D" grade. This would indicate that
a scanner may have to scan these bar codes multiple times with
varying scan paths in order to successfully decode the
numerical information.
The individual traditional print quality attributes were
significantly different:
Flexographically printed bar codes resulted in a large AVE Bar
Error (wider bars) of 0.1140, but a very good standard
deviation of 0.0011. This would be based on either a
consistent amount high printing pressure or flexographic
plates which are out of width specification.
Ink Jet printed bar codes resulted in a smaller AVE Bar Error
(narrower bars) of -0.0169, but a very good standard deviation
of 0.0025. This would be based on the non-contact nature of
the printing process. Reference Table B-3, Traditional -
Average Bar Error.
The Wide/Narrow Ratio of the bars to spaces of both methods
produced excellent standard deviations of 0.05 for
flexographic and 0.04 for ink jet which shows that both
methods can produce codes which are dimensionally very
consistent within the horizontal direction. Reference Table
B-4, Traditional - Wide/Narrow Ratio.
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The Symbol Total length of the two different methods had a
small difference of .059". This can be shown by the
calculation of the "X" dimension of Flexographic being equal
to 0.0287" and ink jet being equal to 0.0301". The Symbol
Total length for the Flexographic bar code is calculated by
0.0287" (118.38) = 3.398" and for the Ink Jet bar code by
0.0301" (114.82) = 3.456".
The Traditional standards results of Symbol Total length of
the Flexographic and Ink Jet printed bar codes resulted in a
difference of .058", 3.398" for flexographic versus 3.456" for
Ink Jet. It was determined by Marsh after the completion of
test that the bar dimensional set-up within the Marsh "Hi-Res"
software could have been changed to provide an ink jet bar
code equal in length to the flexographic printed bar code.
Reference Table B-5, Traditional - Symbol Total.
The individual ANSI print quality attributes were
significantly different:
Flexographically printed bar codes had a smaller reflectance
value from the water based black ink versus the higher value
from the ink jet printed bar codes which were applied using
glycol -based ink. Visually it can be shown that the
flexographic ink is a darker pigmented black then the lighter
pigmented black ink jet ink. This can be shown with the
flexographic ink bar codes having a Reflectance Minimum Mean
Value of 4.29% and the ink jet bar codes a Mean Value of
18.69%, although both methods did yield the same ANSI Grade
of A. Reference Table B-6: ANSI - Reflectance Minimum
Results .
The relationship of the bar code black inks to the brown color
of the shipping containers has been identified with the
results from the ANSI Symbol Contrast data analysis. The
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flexographic printed bar codes resulted in a Symbol Contrast
Mean Value of 39.19% and the ink jet a Mean Value of 33.33%
with both methods scoring a ANSI grade of D. The consistency
of each method did result in very tight standard deviations of
1.03 for flexographic and .97 for ink jet. This shows the
consistency of the contrast relationship between the bar code
black inks darkness range. Reference Table B-7: ANSI -
Symbol Contrast Results.
The difference between the space reflectance (Rj and the
adjoining bar reflectance (Rv>) of each of the bar code
printing methods can be identified from the Edge Contrast data
analysis. The flexographic printed bar codes resulted in an
Edge Contrast Mean Value of 25.84% and the ink jet a Mean
Value of 14 . 97% . The flexographic printed bar codes scored an
A on the ANSI scale which one would expect due to sharpness
typically achieved with this method. The ink jet bar codes
scored a F on the ANSI scale, just .03% points below an A.
This method does not provide the sharpness due the coarseness
of the dot matrix print array, resulting in the lower grade.
This can also be shown both visually and under a low power
magnifying glass. The standard deviations of both these
methods were virtually identical with flexographic at 1.57 and
ink jet at 1.52. This shows the print consistency from box to
box. Reference Table B-8: ANSI - Edge Contrast Results.
The relationship of the bar code Modulation, the ratio of the
Edge Contrast to Symbol Contrast, was significantly different
with the flexographic printed bar codes Modulation Mean Value
of 66.89% resulting in a ANSI grade of B and the ink jet
printed bar codes Mean Value of 46.36% resulting a lower ANSI
grade of D. This shows the major print quality difference
between the two methods. Reference Table B-9: ANSI -
Modulation Results.
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The relationship of the bar code Decodability, the measure of
the printing accuracy as would be perceived by a bar code
reader using the symbology reference decode algorithm, was
again significantly different. The flexographic printed bar
codes resulted in a Mean Value of 56.94% with an ANSI grade of
B. The ink jet printed bar codes resulted in a Mean Value of
38.63% with an ANSI grade of C. The standard deviations of
each of the 200 samples of each method were high, flexo
equaling 6.00 and ink jet equaling 7.57. This shows a wide
variation in print quality within the samples of each method
as well as a difference between the methods. Reference Table
B-10: ANSI - Decodability Results.
The relationship of bar code Defects, irregularities in the
elements of the bar code (bars, spaces, quiet zones) ,
resulted in flexographic printed Defects Mean Value of 10.97%,
an ANSI grade of A, and ink jet printed Defects Mean Value of
16.62% with an ANSI grade of B. This data confirms that the
defects were minimal at the high end of the ANSI grading
scale. Reference Table B-ll: ANSI - Defects Results.
The relationship of the Symbol Grade, using standard weighting
scan profiles are numerically converted and averaged, resulted
in the flexographic printed Mean Value of 1.10% with an ANSI
grade of D, and the ink jet printed Mean Value of .75% with
a ANSI grade of D. This shows that even though some of the
individual ANSI graded print quality attributes were
significantly different, the overall Symbol Grade is the same.
Reference Table B-7: ANSI - Symbol Grade Results.
The PSC "Quick-Check" Model 650 Bar Code verifier has proven
to be a very easy to use and accurate tool for the testing of
Interleaved 2 -of -5 Bar Codes for compliance within ANSI Bar
Code Printing Quality Guidelines . The Automated Identification
Systems "Scanalyst" Bar Code Analysis software was not
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utilized during this test. Any future bar code verification
will employ this software which allows for the computer
storage of the scan profile data in place of the paper tape
print out.
The analysis of the data shows that the two printing methods
scored equal ANSI symbol grades; both were within the
industry standards. Thus the feasibility of implementing on
line bar code printing system within a Kellogg Company
Facility has merit.
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5.0 CONCLUSIC2NS/RECX3MMENDATIONS
The ability to print high-resolution ink jet Interleaved 2 of
5 bar codes on-line onto corrugated shipping containers has
been proven technically feasible. The on-line tests comparing
ANSI print quality attributes of both flexographic and ink jet
printed bar codes conducted at the Muncy, Pennsylvania
Manufacturing Facility resulted in both printing methods
receiving an overall acceptable ANSI grade of
"D"
. To decode
bar codes with this "D" grade, it is recommended that the
scanning equipment be capable of both multiple scans and
multiple scan paths. This will insure the 100% decoding of
both bar code printing methods, specifically high-resolution
ink jet.
The successful manufacturing facility implementation of an on
line bar code printing system that produces consistent high
quality bar codes must include the following recommendations:
- a thorough understanding of the Interleaved 2 of 5
Symbology;
- a thorough understanding of the ANSI, UCC and AIM industry
standards and specifications;
- a thorough understanding of verification and scanning
equipment theory of operation, installation set-up, on-line
operation and data output information;
- a thorough understanding of high-resolution ink jet
printing equipment theory of operation, installation set-up,
on-line operation and maintenance;
- the shipping container must have a nonporous surface,
treated with an anti-slip coating or equivalent surface
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porosity reducer, to inhibit the absorption of the glycol
-
based ink into the paper surface, thus producing a blurred
poor quality bar code;
- the glycol -based inks must have a high level of black
pigmentation to provide the greatest difference in contrast
between the brown color of the corrugated shipping containers
and black color of the bar codes;
- the movement of the shipping container past the high-
resolution print head must be precise and controlled so not to
introduce any speed variations or container instability;
- the ink-jet printed containers must be on-line verified
with the use of the appropriate verifier so to monitor each
shipping
containers' bar code quality;
- the packaging equipment line operators and maintenance
personnel must be thoroughly trained and skilled to operate
and maintain the equipment;
- to ensure long term print quality, bar code verification
needs to be performed at selected time intervals; 1 month,
3 months, and 6 months following the date of on-line
printing.
It is strongly recommended that future studies investigate the
effect of time and the shipping environment on the
decodability of the on-line ink jet printed bar code. A
follow-up series of tests at various time intervals will
provide additional scan data to help determine if the quality
of the code degrades over time, thus making it more difficult,
if not impossible to decode.
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Print Type=Flexo_Preprint
1 N | MEAN | MIN | MAX | STD
Minimum Reflect 1 200. 00 | 4.29| 1.00| 7.0o| 1.23
Symbol Contrast 1 200. 00 | 39.19| 36.00| 41.00| 1.03
Edge Contrast 1 200. 00 | 25.B4| 21.00| 30.00| 1.57
Modulation 1 200. 00 | 66.89| 56.00 | 75.00| 3.52
Decodability 1 200. 00 | 56.94 | 22.00| 67.00| 6.00
Defects 1 200. 00 | 10.97| 4.00| 21.00| 2.23
Symbol Grade 1 200. 00 | 1.10| 0.00| 2.00| 0.41
Average Bar Error
|-
200. 00j 0.11 1 0.08| 0.15| 0.02
Wide_Narrow Ratio 1 200.00 | 2 .46 | 2.40| 2.60| 0.05
Symbol Total 1 200. 00 | 118.38 | 116. 00 | 123. 00 | 1.20
Print Type=Hi_Res_Ink_Jet
1 N | MEAN | MIN | MAX | STD
Minimum Reflect 1 200. 00| 18.69| 16.00| 24.00| 1.14
Symbol Contrast 1 200. 00 | 33 .33 | 31.00| 39.00| 0.97
Edge Contrast 1 200.00 | 14.97| 11.00| 19.00| 1.52
Modulation 1 200. 00j 46.36| 35.00| 57.00| 4.47
Decodability
f-
200. 00 | 38 .63 | 14.00| 59.00| 7.57
Defects
J-
200.00| 16.62 | 9.00 | 38.00| 4.36
Symbol Grade
"
r 200. 00 | 0.75| 0.00| 1.50| 0.40
Average Bar Error
r-
200.00 | -0.02 | -0.1l| 0.05 | 0.04
Wide Narrow Ratio i 200. 00| 2.32 | 2 .30 | 2.40| 0.04
Symbol Total i 200. 00 | 114.82 | 113. 00 | 117. 00 | 0.87
Table A-2 SAS Analysis Output Chart
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SPECIFICATIONS
STAND-ALONE SYSTEM
Stand-Alone Controller
Processor 486 SLC2
Keyboard Standard 101 Enhanced Type
Display VGA Color Monitor
Software WYSIWYG Graphics
Internal Counters Time, Date, Shift, Expiration Date, Hour Code,
Production Count
Diagnostics/Alarm Signals Low Temperature, High Voltage, Low/Out Ink
Interface RS-232, RS422
NETWORK SYSTEM
Host
Processor 486 SLC2
Keyboard Standard 101 Enhanced Type
Display VGA Color Monitor
Software WYSIWYG Graphics
Print Station
Processor 486 SLC2
Keyboard/Display Hand-Held Terminal (optional)
Internal Counters Time, Date, Shift, Expiration Date, Hour Code,
Production Count
Diagnostics/Alarm Signals Low Temperature, High Voltage, Low/Out Ink
Interface RS-232, R5-422
Network Cabling
LAN Cable RG-58 LAN Coax (Host to Print Station
Connections)
Length of Network 600' (196.9 mj end to end; can be increased to
2400' (787 m) with line repeaters
PRINTHEAD CONSTRUCTION
Single Printhead
Controllable Channels
Orifices
Character Height
Lines of Print
Dual Printhead
Controllable Channels
Orifices
Character Height
Lines of Print
BC-1 92 Printhead
Controllable Channels
Orifices
Character Height
Lines of Print
32/Printhead
3/Channel (96/Printhead)
0.13"
to
1.0" (3.3 mm to 25.4 mm)
1 to 5
32/Printhead
3/Channel (96/Printhead)
0.13"
to
1.75" (3.3 mm to 44.5 mm)
1 to 10
32/Printhead
6/Channel(192/Printhead)
0.19"
to
1.13 (4.8 mm to 28.6 mm)
1 to 5
PRINTHEAD OPERATION
Heads/Print Station
Print Speed
Pixel Size
PRINTHEAD CABLE
Cable Lengths
1 to 4 Heads
250 fpm (76.2 mpm) Maximum
0.008" (0.2 mm) Wide, 0.15" (3.8 mm) High
10' (3 m),
25' (7 m), or
50' (15 m)
MESSAGES
Alphanumeric Lines 1 to 5/Printhead
Fonts Various
Bar Code Symbologies Interleaved 2 of 5, Code 39, Code 1 28, UPC-A,
EAN-13
Specification Compliance UPC/EAN Shipping Container Code
INK SYSTEM
Colors Black, Red, Blue, Green
Consumption 12.5 Million 0.50" (12.7 mm) Characters/Bottle
110,500 I 2 of 5 BarCodes, 100% MagVBottle
230,000 I 2 of 5 Bar Codes, 62.5% Mag./Bottle
Flash Point Greaterthan43F(221C)
Shelf Life One year at less than 80 F (27 Q
Ink Bottle 17 ounces (500 ml)
Surfaces Porous Only
ENVIRONMENTAL LIMITS
Operating Temperatures
Storage Temperatures
32Fto104F(0Cto40q
F to 104 F (-40 C to 40 C)
MARSH
For more information on the Marsh Hi-Res Ink Jet System, cail 1 .800.527.6275.
MARSH COMPANY
PO Box 388, Belleville, IL USA 62222-0388
Tel: 618.234.1 1 22 Fax: 61 8.234.1 529
MARSH COMPANY, M C S. A.
36, Chemin des Mollies, Ch-1293 Bellevue, Switzerland
Tel: 41 .22.774.2488 Fax: 41 .22.774.2627
MARSH COMPANY, PAC-RIM
BukitTimah, PO Box 0160, Singapore 9158
Tel: 011.65.462.2981 Fax: 011.65.462.2981
PRINTHEAD ORIENTATION
Distance to Print Surface
Firing Directions
Mounting
0.02"
to
0.25" (0.5 mm to 6.4 mm)
Horizontal, Down or Up
Conveyor Bradcetry, Floorstand
MARSH 1 994 - Hi-Res Information #1 7324. All rights reserved. Marsh and
Hi-Res are registered trademarks of Marsh Company. Printed in USA.
Table E-l "Marsh" Hi-Res System - Specifications
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